###### Strengths and limitations of this study

-   This study has a large number of parent-offspring participants, and use the same protocol for anthropometric measurements in parents and offspring.

-   The large number of mother-offspring duos (n=3770) enabled the significant associations between mothers lifestyle changes and offspring weight to be identified.

-   Trained health personnel using standardised methods carried out the anthropometric measurements.

-   The study has only addressed the potential effects of a two obesogenic factors (weight and physical activity), although these are among the more important ones.

-   The reliability and validity of the self-reported physical activity levels may be a limitation in our study.

Introduction {#s1}
============

Despite the past years' enhanced efforts investigating causes and mechanisms of the rapid rise in obesity, there are still numerous aspects that are poorly understood. The major cause of obesity is the imbalance between energy consumption and energy expenditure where both genetics and environmental factors play an important role.[@R1] Since the genetic predisposition has not changed during the past few decades, however, changes in environmental exposures are the main drivers behind the obesity increase.[@R4] Physical activity, sedentary behaviour and healthy eating are all important factors influencing obesity, where also parental lifestyle seems to be highly correlated with offspring's lifestyle.[@R5] Additionally, the time frame being exposed to a more obesogenic environment seems to be of great importance concerning weight gain in the population.[@R7]

Adult behaviours may be guided by conscious choices, but are also strongly dependent on socioeconomic status (SES) and the influence of surrounding local environment.[@R9] Low SES is a well-known obesity risk factor[@R10] where especially differences in diet may reflect economic income. Differential offspring weight linked to family SES is however also dependent on whether parents are lean or not.[@R12] In low SES families with obese parents, offspring are of higher weight. Changes in family lifestyle influence the body mass index (BMI) of both parents and offspring, which support the notion that shared environment is of great concern with regard to offspring obesity development.[@R13] Parental prepregnancy obesity influence offspring weight[@R14] and a previous study from Norway found that children of parents who went from normal weight to overweight during 11 years had a higher risk of overweight as adolescents.[@R15] Likewise, family weight loss programmes have shown that reduction in parental weight positively influence offspring weight.[@R16]

Both in adults, adolescents and children, the potential effects on one's weight due to changes in behaviours related to known obesogenic factors such as physical activity behaviour and nutrition, have been studied.[@R4] Previous studies have shown strong correlations between weight increase in parents and overweight and obesity in offspring.[@R14] Few studies have however focused on the influence of parental lifestyle changes over time with offspring weight in population-based samples. The aim of this study was therefore to assess the impact of parental changes in weight and physical activity on offspring weight at adolescence and if these relationships were differentially influenced by parental education level. We hypothesised that decrease in parental weight and increase in physical activity over time will be associated with lower offspring weight.

Materials and methods {#s2}
=====================

Study sample {#s2a}
------------

The Nord-Trøndelag Health Study (HUNT)[@R22] is a large population-based cohort study conducted in the middle of Norway, covering 125 000 participants aged 13 years and above. It consists of three health surveys taken place in 1984--1986 (HUNT1), 1995--1997 (HUNT2 and Young-HUNT1) and 2006--2008 (HUNT3 and Young-HUNT3). Data were collected in all 24 municipalities of the county, and the health examinations were performed by professional health staff in temporarily located sites.[@R24] The Young-HUNT Study was conducted in all junior and senior high schools in the county as the adolescent part (13--19 years) of the HUNT Study. The Young-HUNT3 Survey included 7716 participants who had completed both the questionnaire and clinical examination (response rate 74%). Adolescents were linked to their parents through a common ID.

In our study, 4424 adolescents (2201 girls/2223 boys) had parents (3770 mothers and 2985 fathers) who had participated in both HUNT2 (1995--1997) and at the follow-up HUNT3 (2006--2008) (mean follow-up period was 11 years), in addition to having data available on the variables to be included in the study ([figure 1](#F1){ref-type="fig"}). Due to missing information on parents' reported physical activity at follow-up (HUNT3), only 2997 mothers and 2248 fathers were included in the analyses related to physical activity change. The lower response rate on the physical activity questions in HUNT3 compared with HUNT2 was due to the different placing of the questions which impacted the response rate.[@R24]

![Study flow chart. BMI, body mass index; HUNT, Nord-Trøndelag Health Study.](bmjopen-2018-023406f01){#F1}

This protocol is in accordance with the Declaration of Helsinki.

### Patient and public involvement {#s2a1}

This was a population-based study, hence no patients or public were involved.

Measurements {#s2b}
------------

Data collection included self-reported questionnaires and clinical measurements.[@R24] Trained nurses performed the measurements of height and weight at the screening stations for the adults and at the schools for the adolescents. Light clothes and no shoes were allowed during the measurements, and internally standardised meters and weight scales were used.[@R23] We estimated the BMI from weight in kilograms divided by squared height in metres (kg/m^2^).

Weight categories in adults ([table 1](#T1){ref-type="table"}) were defined according to WHO; underweight as BMI \<18.5 kg/m^2^, normal weight as BMI 18.5--24.9 kg/m^2^, overweight as BMI 25--29.9 kg/m^2^ and obesity as BMI ≥30 kg/m^2^.[@R25] As there were only 44 and 21 underweight mothers (HUNT2 and HUNT3, respectively) and 5 and 4 underweight fathers (HUNT2 and HUNT3, respectively), we combined the underweight and normal weight categories in the respective surveys. The adolescent BMI-based weight categories were defined using the age-specified and sex-specified International Obesity Task Force cut-off values.[@R26] Adolescent BMI measurements were also transformed into age-specific and sex-specific z-score values where z-scores indicate the SD of the BMI measure above (positive values) or below (negative values) the expected mean of the reference population (Young-HUNT3). Age was defined as the nearest birthday, for example, age 14 years included ≥13.5 and \<14.5 years of age.

###### 

Descriptive characteristics\* of offspring and parents

                                Daughters       Sons            Mothers       Fathers                     
  ----------------------------- --------------- --------------- ------------- ------------- ------------- -------------
  No of participants            2201            2223            3770          3770          2985          2985
  Age, years (SD)               15.9 (1.8)      15.9 (1.7)      33.4 (5.1)    44.6 (5.0)    36.6 (5.7)    47.9 (5.7)
  Height, cm (SD)               165.1 (6.4)     174.3 (9.4)     166.6 (5.9)   166.6 (6.0)   180.0 (6.3)   179.5 (6.2)
  Weight, kg (SD)               60.5 (11.2)     67.5 (14.8)     69.2 (11.9)   73.8 (13.5)   84.4 (11.6)   89.0 (12.8)
  BMI, kg/m^2^ (SD)             22.1 (3.7)      22.0 (3.7)      24.9 (4.0)    26.6 (4.7)    26.0 (3.1)    27.6 (3.5)
   Underweight/normal†, n (%)   1717 (78)       1679 (75)       2243 (60)     1597 (42)     1199 (40)     660 (22)
   Overweight†, n (%)           392 (18)        413 (19)        1143 (30)     1437 (38)     1502 (50)     1669 (56)
   Obese†, n (%)                92 (4)          131 (6)         384 (10)      736 (20)      284 (10)      656 (22)
  BMI z-score (SD)‡             −0.021 (0.97)   −0.029 (0.96)                                             
  Parents education level§                                                                                
    Low, n (%)                                                                954 (25.3)                  889 (29.8)
    Medium, n (%)                                                             1334 (35.4)                 1358 (45.5)
    High, n (%)                                                               1481 (39.3)                 736 (24.7)
  Physical activity¶                                                                                      
    Hard, n (%)                                                 183 (6.1)     604 (20.1)    307 (13.7)    429 (19.1)
    Moderate, n (%)                                             1284 (42.8)   1466 (48.9)   881 (39.2)    976 (43.4)
    Low, n (%)                                                  1057 (35.3)   719 (24.0)    699 (31.1)    638 (28.4)
    Inactive, n (%)                                             473 (15.8)    208 (6.9)     361 (16.1)    205 (9.1)

\*Data presented as mean with SD, unless otherwise specified.

†BMI (body mass index) categories in adolescents are age and sex adjusted in accordance with Cole *et al*.[@R26]

‡BMI z-score mean values are based on the whole Young-HUNT3 population.

§Low=0--10 years school attendance, medium=11--14 years school attendance, high \>14 years school attendance, Statistics Norway.[@R29]

¶Hard ≥3 hours hard activity/week, moderate ≥3 hours light activity and/or 1--2 hours hard activity/week, low=1--2 hours light activity and/or \<1 hour hard activity/week, Inactive ≤1 hour light activity and no hard activity/week.

HUNT, Nord-Trøndelag Health Study.

Both in HUNT2 and HUNT3 participants were asked the following question concerning physical activity: 'How has your physical activity in leisure time been during the last year?' The answering options related to frequency were: 'none', 'less than 1 hour a week', '1--2 hours a week' and '3 or more hours a week. They also were told to estimate the number of hours of light (no sweat/not being out of breath)---and hard (sweat/out of breath) activity per week. Activity level, a combination of frequency answers and options from the 'hard' and 'light' classification were further divided into four: hard (≥3 hours hard activity/week), moderate (≥3 hours light activity and/or 1--2 hours hard activity/week), low (1--2 hours light activity and/or \<1 hour hard activity/week) and inactive (≤1 hour light activity and no hard activity/week). The 'light' physical activity category has previously been shown to be in adequate correlation with the moderate intensity physical activity measure from the International Physical Activity Questionnaire and the 'hard' physical activity category to be a valid measure of vigorous intensity compared with previous studies.[@R27]

Data on parental changes in weight and physical activity were ascertained at the two time points HUNT2 (1995--1997) and HUNT3 (2006--2008). The following five weight change categories were chosen based on previous literature[@R15]: (1) more than 6 kg weight increase, (2) 2--6 kg weight increase, (3) no weight change ±0--2 kg, (4) 2--6 kg weight reduction and (5) more than 6 kg weight reduction. We classified parental change in physical activity as: (1) increased activity (one or more activity levels up), (2) no change and (3) decreased activity (one or more activity levels down).

Estimation of parental SES was done by using their education level divided into three categories based on the Norwegian Standard Classification of Education: low=0--10 years of school attendance, medium: 11--14 years of school attendance and high: \>14 years of school attendance.[@R29] In the initial analyses, we found effect estimates for low and medium education to be similar, thus, we collapsed these into two categories: low: ≤14 years and high: \>14 years. Data on education were obtained from Statistics Norway in 2010[@R29] and linked through unique national identity numbers.

Statistical analyses {#s2c}
--------------------

Data had a hierarchical structure with siblings nested within mothers or fathers in the respective analyses. Clustered on mothers ID, about 65% of the families in our study participated with one child. Furthermore, 35% of the families had siblings within the study sample with 32% consisting of two siblings and 3% of three siblings or more. To account for this non-independence/clustering, we specified linear mixed-effects models.[@R30] Models were built sequentially with increasing complexity by first adjusting for parental BMI at baseline in 1995--1997 (model 1) before the main predictors of interest (parental change in weight or physical activity) were added in model 2. In model 3, we additionally added parental education and model 4 also included an interaction term between our main predictors of interest and education. We stratified our models by parental sex and predictor of interest (change in weight or physical activity). Fixed effects are reported as unstandardised beta coefficients with 95% CIs. All statistical analyses were conducted in Stata IC/V.14.2 (Stata Corporation).

Results {#s3}
=======

Descriptive statistics {#s3a}
----------------------

Subject characteristics are summarised in [table 1](#T1){ref-type="table"}. Similar proportions of boys' and girls' families took part in the study. Most of the parents represented a medium education level corresponding to 11--14 years school attendance, but the proportion of mothers with a high education level were more than 1.5 times that of fathers. In both mothers and fathers, mean weight and BMI had increased about 6% from 1995--1997 to 2006--2008, fewer individuals were normal weight and the number of obese individuals had doubled in the same period. The number of parents exerting hard and medium levels of physical activity had both increased, while physical inactivity had halved in both mothers and fathers during this period.

Association between parental weight change and offspring BMI z-scores {#s3b}
---------------------------------------------------------------------

Concerning the associations between mothers' weight change and adolescent BMI z-scores, the only significant result was observed when mother's weight was reduced by 2--6 kg and education level was taken into account (adolescent BMI z-score: −0.132, 95% CI −0.259 to −0.004, model 3) ([table 2](#T2){ref-type="table"}). Generally, high parental education levels were associated with lower adolescent BMI z-scores in both the maternal (−0.152, 95% CI −0.215 to −0.089) and paternal (−0.209, 95% CI −0.288 to −0.130) analyses (model 3, [table 2](#T2){ref-type="table"}). Model 4, which included an interaction term between weight change and education, showed that the effect of weight change was similar in both education groups. (Likelihood ratio test, p\>0.05).

###### 

Associations between parental weight change and offspring BMI z-scores

                               Model 1   Model 2          Model 3   Model 4                                                
  ---------------------------- --------- ---------------- --------- ----------------- -------- ------------------ -------- ------------------
  Maternal                                                                                                                 
   Baseline BMI                0.062     0.054 to 0.070   0.062     0.054 to 0.071    0.061    0.052 to 0.069     0.060    0.052 to 0.068
   Weight change (WeC)                                                                                                     
    Increased \>6 kg                                      0.063     −0.020 to 0.146   0.050    −0.032 to 0.133    0.030    −0.078 to 0.137
    Increased 2--6 kg                                     −0.024    −0.111 to 0.063   −0.029   −0.116 to 0.058    −0.014   −0.130 to 0.102
    Stable                                                0         (Ref)             0        (Ref)              0        (Ref)
    Reduced 2--6 kg                                       −0.124    −0.251 to 0.004   −0.132   −0.259 to −0.004   −0.106   −0.270 to 0.058
    Reduced \>6 kg                                        −0.087    −0.255 to 0.081   −0.103   −0.271 to 0.064    −0.011   −0.211 to 0.189
   Education                                                                                                               
    Low                                                                               0        (Ref)              0        (Ref)
    High                                                                              −0.152   −0.215 to −0.089   −0.147   −0.279 to −0.015
   Interaction WeC×education                                                                                               
    Increased \>6 kg×high                                                                                         0.061    −0.107 to 0.228
    Increased 2--6 kg×high                                                                                        −0.036   −0.212 to 0.140
    Reduced 2--6 kg×high                                                                                          −0.066   −0.325 to 0.193
    Reduced \>6 kg×high                                                                                           −0.324   −0.680 to 0.031
  Paternal                                                                                                                 
   Baseline BMI                0.076     0.065 to 0.088   0.077     0.066 to 0.089    0.076    0.065 to 0.087     0.076    0.065 to 0.087
   WeC                                                                                                                     
    Increased \>6 kg                                      0.062     −0.030 to 0.154   0.050    −0.042 to 0.142    0.065    −0.041 to 0.172
    Increased 2--6 kg                                     −0.003    −0.101 to 0.095   −0.011   −0.108 to 0.087    −0.024   −0.136 to 0.089
    Stable                                                0         (Ref)             0        (Ref)              0        (Ref)
    Reduced 2--6 kg                                       −0.106    −0.252 to 0.041   −0.098   −0.244 to 0.047    −0.028   −0.202 to 0.144
    Reduced \>6 kg                                        −0.119    −0.360 to 0.122   −0.128   −0.367 to 0.111    −0.167   −0.437 to 0.103
   Education                                                                                                               
    Low                                                                               0        (Ref)              0        (Ref)
    High                                                                              −0.209   −0.288 to −0.130   −0.186   −0.353 to −0.019
   Interaction WeC×education                                                                                               
    Increased \>6 kg×high                                                                                         −0.062   −0.272 to 0.148
    Increased 2--6 kg×high                                                                                        0.060    −0.163 to 0.282
    Reduced 2--6 kg×high                                                                                          −0.232   −0.550 to 0.097
    Reduced \>6 kg×high                                                                                           0.196    −0.383 to 0.777

The numbers given are the linear mixed-effects regression coefficients between the exposure variables and covariates given as row names and the (age adjusted) BMI z-score of the offspring.

Model 1: Baseline BMI.

Model 2: Baseline BMI and adjustment for parents weight change.

Model 3: As model 2, but with further adjustment for education level.

Model 4: As model 3, but including the interaction term: weight change×education.

BMI, body mass index.

In contrast to the mother-offspring findings, there were no significant associations identified between father's weight change and adolescent offspring BMI z-scores. Results of the analyses in the fully adjusted models (model 4) are presented graphically in [figure 2](#F2){ref-type="fig"}.

![Predicted BMI z-scores in adolescent offspring related to maternal (A) and paternal (B) weight changes. BMI, body mass index.](bmjopen-2018-023406f02){#F2}

The trends of parental weight change effects on offspring BMI were the same regardless of parents' education level. BMI in offspring was generally higher at lower parental education levels. However, within both education groups, only a small proportion of parents had reduced their weight by more than 6 kg over time; 3% and 2% in the high education group and 5% and 2% in the low education group, mothers and fathers, respectively. Hence, results including these weight change categories must be interpreted with caution. The results of analyses, including only obese or overweight parents, showed the same patterns as those including all weight categories, although offspring BMI z-scores were generally higher (online [supplementary figure S1a,b](#SP1){ref-type="supplementary-material"}).
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Association between parental change in physical activity and adolescent offspring BMI z-scores {#s3c}
----------------------------------------------------------------------------------------------

The associations between parental physical activity change and adolescent offspring BMI z-scores are shown in [table 3](#T3){ref-type="table"}. Adjustment for mothers' baseline BMI in the analyses resulted in a significantly higher adolescent BMI z-score: 0.139 (95% CI 0.035 to 0.243) when mothers' activity was reduced over time (model 2). Adjusting for mothers' education did not alter this effect (model 3), although a high education level was associated with a lower offspring adolescent BMI z-score (−0.153, 95% CI −0.223 to −0.082). Specifying an interaction term between change in physical activity and education did not improve model fit (likelihood ratio test, p\>0.05) (model 4). Results of the analyses in the fully adjusted model are visually presented in [figure 3A](#F3){ref-type="fig"}.

###### 

Associations between parental change in physical activity and offspring BMI z-scores

                               Model 1   Model 2          Model 3   Model 4                                                
  ---------------------------- --------- ---------------- --------- ----------------- -------- ------------------ -------- ------------------
  Maternal                                                                                                                 
   Baseline BMI                0.061     0.052 to 0.070   0.060     0.052 to 0.069    0.058    0.050 to 0.067     0.058    0.050 to 0.067
   Change in PA (cPA)                                                                                                      
    Reduced                                               0.139     0.035 to 0.243    0.125    0.021 to 0.229     0.159    0.030 to 0.288
    Stable                                                0         (Ref)             0        (Ref)              0        (Ref)
    Increased                                             −0.046    −0.122 to 030     −0.048   −0.124 to 0.027    −0.028   −0.127 to 0.070
   Education                                                                                                               
    Low                                                                               0        (Ref)              0        (Ref)
    High                                                                              −0.153   −0.223 to −0.082   −0.117   −0.231 to −0.002
   Interaction cPA×education                                                                                               
    Reduced×high                                                                                                  −0.094   −0.313 to 0.124
    Increased×high                                                                                                −0.048   −0.201 to 0.105
  Paternal                                                                                                                 
   Baseline BMI                0.075     0.062 to 0087    0.074     0.062 to 0.088    0.074    0.060 to 0.085     0.073    0.060 to 0.085
   cPA                                                                                                                     
    Reduced                                               0.063     −0.040 to 0.163   0.043    −0.060 to 0.145    0.083    −0.032 to 0.199
    Stable                                                0         (Ref)             0        (Ref)              0        (Ref)
    Increased                                             0.035     −0.053 to 0.122   0.033    −0.054 to 0.120    0.047    −0.055 to 0.149
   Education                                                                                                               
    Low                                                                               0        (Ref)              0        (Ref)
    High                                                                              −0.219   −0.307 to −0.131   −0.166   −0.299 to −0.033
   Interaction cPA×education                                                                                               
    Reduced×high                                                                                                  −0.191   −0.440 to 0.059
    Increased×high                                                                                                −0.048   −0.201 to 0.105

The numbers given are the linear mixed-effects regression coefficients between the exposure variables and covariates given as row names and the (age adjusted) BMI z-score of the offspring.

Model 1: Baseline BMI.

Model 2: Baseline BMI and adjustment for parents change in physical activity.

Model 3: As model 2, but with further adjustment for education level.

Model 4: As model 3, but including the interaction terms change in physical activity×education.

BMI, body mass index.

![Predicted BMI z-score in adolescents offspring related to maternal (A) and paternal (B) changes in physical activity. BMI, body mass index.](bmjopen-2018-023406f03){#F3}

No significant associations were observed between fathers' change in physical activity and adolescent offspring BMI z-scores in any of the models. A high education level, however, was associated with a lower adolescent BMI z-score (−0.219, 95% CI −0.307 to −0.131). Model 4, where the interaction term between change in physical activity and education were taken into account, did not improve model fit (likelihood ratio test, p\>0.05). Results of the analyses in the fully adjusted model are visually presented in [figure 3B](#F3){ref-type="fig"}.

Discussion {#s4}
==========

In the present study, we examined how parental changes in weight and physical activity levels through their offspring's childhood, affected offspring BMI at adolescence. The principal findings of the study was that reduced weight in mothers was associated with lower offspring weight, while reduced physical activity was associated with higher offspring weight. Although not statistically significant, fathers' lifestyle changes showed the same direction of association. In agreement with other studies, we showed that parents' education level had an effect on adolescent offspring's weight.[@R11] The effects of parental changes in weight and level of physical activity, however, followed similar patterns regardless of parental education levels although stronger effects were observed in offspring with higher parental education.

Both genetic inheritance and social environment affect overweight and obesity.[@R6] Parents have a strong impact on their children's health[@R33] where lifestyle and behavioural traits promoting obesity easily transmit from parents to children through family socialisation processes. Shared family environment means exposure to common obesogenic factors, such as unhealthy eating and a sedentary lifestyle.[@R34] A systematic examination of the association between parental and child obesity across countries showed that children with overweight or obese parents are twice as likely to be overweight or obese as were their normal weight counterparts.[@R35] Additionally, having two overweight or obese parents is more unfavourable than just having one.[@R20] There is no conclusive evidence that parents contribute equally to the risk of childhood overweight or obesity,[@R35] although some studies suggest the maternal impact to be greater than the paternal. An Indian family study found only the maternal weight to be associated with child weight.[@R36] Likewise, a Finnish study of 4788 mother--father--child trios found that maternal weight gain ≥8 kg was a significant predictor of adolescent overweight in both offspring genders.[@R14] In the same study, paternal weight gain was only a significant predictor of adolescent overweight at higher levels (≥18 kg) and then only in daughters.[@R14] A previous HUNT study showed that both parents' weight increase (from 1984--1986 to 1995--1997) was associated with a higher odds of overweight in adolescent offspring.[@R15] In our study, a significant association between weight gain and offspring weight was only present between mothers and offspring. Although no significant association was observed between fathers and offspring, the parental BMI change pattern was similar in the parents. This discrepancy could be due to lower number of father--child duos compared with mother--child duos. By not including both mothers and fathers in the same models, we got a higher power in numbers of participants. Still, we cannot preclude that investigating full trios (mother--father--child) would not change the outcome estimates.

The importance of parents' physical activity and leisure-time behaviour related to offspring obesity development is well documented.[@R6] In our study, we showed a general trend of a physical activity change from inactivity and low activity to moderate and hard activity over time in both mothers and fathers. Even so, this healthy tendency did not seem in general to have counteracted the increase in obesity over time. This finding may seem puzzling, but along with increased leisure time activity there is a simultaneous trend where large parts of the working hours are spent sitting and inactive.[@R37] Thus, the overall activity level may have become increasingly unfavourable.

Nevertheless, the reported decrease in mothers' activity was associated to higher offspring BMI and this pattern seemed to be independent of education level. A previous study found both mother and father's activity and dietary patterns to predict girls risk of obesity.[@R39] Thus, we could have expected changes in father's physical activity also to influence offspring weight. Although not statistically significant, our results did agree with the mentioned findings as increased paternal physical activity seemed to influence BMI in daughters more positively than in sons.

The grade of children's autonomy regarding the factors that influence weight is likely to be age dependent. Effects related to home diet and physical activity at school are expected to decrease by age. Therefore, one could expect the parental lifestyle changes to matter less in late adolescence compared with early adolescence. However, our results did not support differential age effects when models were tested separately in these two age groups, 13--15 years and 16--19 years of age (data not shown).

Our study confirmed the same overall pattern found in other studies; namely a high number of parents with weight increase compared with weight decrease over time.[@R25] The average parent was overweight at baseline (with BMI of 29.7 kg/m^2^ and 28.8 kg/m^2^ in mothers and fathers, respectively) and only 4.3% mothers and 2.2% of the fathers decreased their weight by more than 6 kg during these years. Knowledge of how weight loss in parents may affect offspring weight at a population level is limited, although intervention studies with targeted weight loss have shown parental weight change to be associated with additional weight change in offspring.[@R16] Our findings suggest minor healthy changes with regard to maternal weight or physical activity levels during important years of offspring's growth, could positively influence their children's weight development. Hence, mother's position as family caregiver and role model should be considered in future weight management strategies directed towards children and adolescents.

Strengths and limitations {#s4a}
-------------------------

There are several strengths and weaknesses of the study. A strength is the use of the same protocol for anthropometric measurements in parents and children. Furthermore, not self-reported weight measurements ensured accuracy and circumvented potential bias related to anthropometric measurements. In the weight change analyses, few observations were missing and the main study sample was from an unselected homogeneous population residing in a defined geographical area. The relatively high response rate in both adolescent and parents strengthens the representativeness. That the mean adolescent BMI z-scores in our sample were below 0 may indicate that the adolescents included have lower weight compared with those not included. Still, we do not believe this to have affected the results considerably as a large proportion of the study samples were overweight even so.

The use of education as a proxy of SES in our study, rather than occupation, wealth or deprivation, is based on previous studies which have shown education level to be the measurement variable that best captures inequalities in health.[@R44]

A limitation of the study is that it only addressed the potential effects of a few obesogenic factors, parental change in weight and physical activity over time. Diet, which is thought to be perhaps the most important obesogenic factor, was not considered in our study due to lack of suitable nutritional data. The reliability and validity of the self-reported physical activity levels may be a limitation in our study.[@R45] Improved physical activity measures will be available in the ongoing new wave of the HUNT Study (HUNT4) (data collection 2017--2019) as data are collected through activity censors. Additionally, the physical activity variable used in our study only measures leisure time physical activity. Work-related physical activity may be even more important to take into account these days as an increasing number of occupations require less manual labour and are more sedentary. The unreported work-related physical activity may well be unequally distributed in the two education groups with the low-education group being more work-related physically active than the high education group. This could have led to a bias between the two groups, which have not been considered. Other important factors not accounted for are children's school habits and social relationships. The factors that are focused on, however, are some of the more important ones to consider related to obesity development in a family context. A further limitation is the lack of more data points within the 11-year period considered. Additional data points would have given a more precise estimate of small lifestyle alterations, for example, weight fluctuations or periods of increased physical activity, which could reflect a willingness to alter weight/lifestyle that could have further affected the offspring.

Conclusions {#s5}
===========

Overall, our study showed an increase in parent's weight and physical activity levels between 1995--1997 and 2006--2008. In the study period, a maternal weight decrease of 2--6 kg was associated with lower BMI in the adolescent offspring; meanwhile a decrease in physical activity levels in mothers was associated with higher BMI in adolescent offspring. The findings were independent of parental education level, although the effect of weight reduction on adolescents BMI was somewhat more favourable among adolescents with more educated parents. Better knowledge concerning causal mechanisms of obesity development in children, including the impact of lifestyle changes within families, will help healthcare professionals, policy-makers and politicians to improve public obesity prevention strategies.
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